Approximately 94% of the land area of the Northern Tibetan Plateau is covered by grasslands, which comprise one of five key livestock producing regions in China. In contrast to most other regions worldwide, these alpine grasslands are much more sensitive to global climate change, thus they are under intense study. The differences in species diversity, plant biomass, and soil properties of five representative's alpine grassland types in the Northern Tibetan Plateau were investigated in this research. The results revealed that 11 community types were identified according to the importance of dominant species and constructive species.
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Introduction
The alpine desert steppe (ADS) and alpine desert (AD) samples were selected in Ngari Prefecture, which is located 30˚and 35˚50' N and from 78˚3' to 86˚E, spanning 350,000 km 2 . This area has an average altitude 4500 m, while central and eastern Ngari comprise the western portion of the Qiangtang Plateau that is characterized by an extremely continental plateau climate. The annual mean temperature was quite low with 3˚C in the south, -0.1˚C in the central region, and as low as-10˚C in the north. The annual precipitation is only~180 mm [20] .
The study sites, geographical locations, and sample data are shown in Fig 1 and Table 1 ; these five types of alpine grasslands were grazed and didn't have any other management. The sampling duration was from August 4 th to 17 th in 2016. No specific permissions were required for these locations and the field studies did not involve endangered or protected species.
Plant and soil materials
For the AM, AS, and ADS, five sample plots (50m×50m) were selected, while three AMS and AD sample sites were studied. Fore each sample plot, three different quadrats (1m×1m) were investigated for species diversity, which included the species composition, abundance, and coverage. The community differences, species diversity and importance value data were showed as the supporting information (S1 Table) . The above-ground biomass (AGB) of each quadrat was quantified by clipping at the soil-surface level, while the below-ground biomass (BGB) was also measured. The plant samples were weighed following oven-drying at 80˚C for 48 h [11] . The top soil layers were sampled at depths of from 0-15 cm. Once the soil water content was measured, the soil samples were carefully sifted through a 60-mesh sieve, and loaded into bags to measure the pH, N, P, soil organic C and soil particle size.
Methods

Importance value (IV)
The calculation formula could be expressed as follows:
Where D is the relative density, C is th relative cover rate, and F is the relative frequency. Species diversity, biomass and soil property in northern Tibetan Plateau
Species diversity
Patrick species richness index ðRÞ :
Margalef diversity index ðHÞ :
Simpson diversity index ðDÞ :
ShannonÀ Wiener diversity index ðH 0 Þ :
Pielous evenness indexðJÞ :
Where S is the species number of the sampling quadrats, Pi represents the relative importance value of species i, N is the total number of sampling quadrats [21, 22] .
Soil analysis
The soil samples were ground using a Spex Sample Prep 8000D ball mill (Metuchen, NJ, USA) to a fine power. The soil pH was measured using a PH 3000 (Steps, Germany). The soil organic carbon (SOC) was determined using wet oxidation by K 2 Cr 2 O 7 -H 2 SO 4 [23] . The soil samples were digested using a sulfuric acid-hydrogen peroxide digestion procedure, after which a FLOWSYS III system (Flowsys, Systea, Itally) was employed to measure the total N and P. The soil particle size fractions were determined using a laser diffraction instrument (Malvern Mastersizer 2000 particle size analyzer, Worcs, UK), which is the classification used by the U. S. Department of Agriculture (USDA). This is: clay (<2 μm), silt (2-50 μm), very find sand (50-100 μm), fine sand (100-250 μm), medium sand (250-500 μm) and coarse sand (500-2000 μm) [24] .
Statistical analysis of data
All collected data were subjected to one-way ANOVA in SPSS analysis (SPSS software version 25.0, Chicago, Illinois, USA). The differences between means were compared by Tukey's HSD test at P < 0.05. Redundancy analysis (RDA) was based on a covariance matrix, and was conducted to evaluate how the species diversity and soil property parameters were interrelated between different alpine grassland types using the package CANOCO package, version 5.0 (Microcomputer Power, Inc., Ithaca, NY). Correlations between parameters were determined using the Pearson's simple correlation test function of SPSS.
Results
Community differences and species diversity between five alpine grassland types
According to the importance of dominant species and constructive species in five alpine grasslands, 11 community types were identified and the main species importance values (IV) are shown in supporting information (S1 Table) . For three communities in the alpine meadow (AM), the main species were Carex, Poa pratensis and Kobresia humilis, where the IV were 0.257, 0.217, and 0.174, respectively. For three communities in the alpine desert (AD), the main species were Suaeda, Stipa, and Artemisia wellbyi.
The species diversity characteristics are revealed in Table 2 . There were significant differences in the Margalef index (H), Simpson diversity index (D), Shannon-wiener diversity index (H'), and Pielou's evenness index (J) indices between 11 communities, which also had significant differences between five alpine grasslands. The AM communities, they had higher R, H, and D than any other alpine grasslands while in the AMS, they had higher H' and J than any other grasslands.
Significant correlations were observed between H and D, H' (r = 0.715, 0.531, respectively; P<0.01; data not shown), while the negative correlations between H and J were not significant. We learned that D was positively correlated with H' (r = 0.641 �� , P<0.01), while it was not significant with J, and H' was significantly correlated with J (r = 0.669 �� , P<0.01).
Coverage and biomass differences between five alpine grasslands
There were significant differences between the aboveground biomass (AGB), belowground biomass (BGB), total biomass (TB), root:shoot (R/S) ratio, and coverage between the 11 communities ( Table 3 ). The BGB, TB, coverage, and R/S were the highest in the AM1 community, while there were lowest in the AD3 community. The AGB varied minimally from the BGB and TB, while the highest AGB was in the AM3 community and lowest in the AD2 community.
The AGB, BGB, TB, R/S, and coverage of the five different alpine grasslands were also shown in Table 3 . There was a significant difference in the mean coverage between these five types alpine grasslands (F = 36.067, P<0.01), where in the AM, the coverage was 40.330, which was much higher than any of the other four alpine grasslands, while the lowest coverage was in the AD, at only 16.260. The R/S differed significantly between the five alpine grasslands (F = 49.423, P<0.01), while the highest was in the AM, and the lowest was in the AD. Species diversity, biomass and soil property in northern Tibetan Plateau Moreover, the BGB was also showed significant differences between them (F = 20.515, P<0.01), while in the AM it was 185.760 g�m -2 , and in the AD it was only 25.234 g�m -2 .
Analysis of variance
The AGB was significantly correlated with BGB, TB, R/S, and coverage (data not shown, r = 0.888, 0.908, 0.422, 0.582, respectively; P<0.01). The BGB had a positive correlation with the TB, R/S, and coverage (r = 0.999, 0.901, 0.744, respectively; P<0.01). TB was significantly correlated with R/S and coverage (r = 0.720, 0.788, respectively; P<0.01). Moreover, there was a significant correlation between the R/S and coverage (r = 0.595, P<0.01).
Differences in soil properties between five types of alpine grasslands
There were significant differences between the 11 communities in terms of soil water content, pH, total nitrogen concentration (TN), total phosphorus concentration (TP), soil organic carbon (SOC), and C-to-N ratio (C:N) ( Table 4) , and which were also significantly different in five types of alpine grasslands. The lowest soil water content was in the AD at only 2.612%. For the pH results, all of the soil samples were alkaline with AMS having the highest pH. The highest TN was in the AM (1.819 g�kg -1 ), while the lowest was in the AD (0.086 g�kg -1 ). The TP of the AS was the highest, while the ADS had the lowest. The differences in SOC were highest in the five alpine grasslands (F = 262.484, P<0.01), where the SOC of the AM was highest and the lowest in the AD. Moreover, the difference in C:N was the lowest (F = 4.058, P<0.05).
As can be seen in Fig 2, there were considerable differences in the soil particle size fractions between the five alpine grassland types. In the AM and AS, the dominant soil particle was clay and the value was lower around 1%; however, in the AMS, ADS, and AD, the dominant soil particles were fine and medium sand. Overall, sand, silt and clay fractions changed clearly changed and were significantly different across the various grassland types. Moreover, the correlations between the soil particle size fractions and soil properties were analyzed (data not shown). The clay was positively correlated with TP (r = 0.355, P<0.01), while it was negatively correlated with pH (r = -0.393, P<0.01). The silt was positively correlated with water content, TN, and SOC (r = 0.301, 0.515, 0.628, respectively; P<0.05), while it was negatively correlated with pH (r = -0.531, P<0.01). There were significantly negative significant correlations between the fine sand and soil water content, TN, and SOC (r = -0.405, -0.518, -0.612, respectively; P<0.01). The medium sand showed a negative correlation with TN and SOC (r = -0.429, -0.525, respectively; P<0.01), while it had a positive correlation with pH (r = 0.517; P<0.01). The coarse sand had a negative correlation only with SOC (r = -0.314; P<0.05), while it showed a positive correlation with pH (r = 0.527; P<0.01).
Correlations between biomass and species diversity or soil properties in five types of alpine grasslands
The ordination of the plots according to the results of the redundancy analysis (RDA) based on the parameters of species diversity (H, D, H', and J), biomass (AGB, BGB and TB) and soil properties (pH, TN, TP, SOC and C:N) confirmed the correlation between them (Fig 3) . The first axis (pseudo-F = 77.76, P = 0.001) and all the axes of the RDA (pseudo-F = 20.8, P = 0.001) were significant. Most parameters of species diversity (H, H', J and D), biomass (AGB,TGB and TB), and soil properties (SWC, TN, TP, and SOC) were related to this axis. In the opposite direction, pH and C:N showed an interrelationship to this axis.
Significant correlations were found between the biomass (AGB, BGB, and TB) and species diversity indices H, D, and H', while the correlation between the biomass and J was not significant ( Table 5 ). The soil TN, TP, and SOC were significantly positively correlated with the biomass, while the soil pH did not have significant correlation with them. Further only C:N had a significant negative correlation with BGB (r = -0.518, P<0.01). For soil particle size fractions, silt exhibited a significant positive correlation with BGB, TB, and R/S (r = 0.368, 0.354, 0.414, respectively; P<0.01) while the medium and coarse sands were significantly negatively correlated with them. Species diversity, biomass and soil property in northern Tibetan Plateau
Discussion
Species diversity and biomass
The maintenance of species diversity has emerged as an important topic in grassland management studies, with a special emphasis on elucidating the role of various species in the recovery of grassland structures and processes [25, 26] . The differences between the various species combinations at a given diversity level measured the effects of alternative species compositions [27] .
Zhao et al [28] revealed that dominant species of alpine grasslands on the northern Tibetan Plateau have differential strategies in foliar nutrient resorption and growth to adapt to the limitation nutrient and water in desert steppes. Some other findings also suggested that the biodiversity-ecosystem function relationship can be regulated by species composition and interspecific interactions [29] . In our research, the important value (IV) is investigated and calculated in sampling sites. These IV is used to classify the dominated and constructive species to 11 communities and each species has its own function in contributing ecosystem balance [19, 30] .
For species diversity we employed a number of indices for its investigation. Among these indices, R was a basic measurement used whenever possible for a direct diversity expression Species diversity, biomass and soil property in northern Tibetan Plateau [31] . The Margalef index served as a concept behind the species-area curve [32] , whereas the Simpson index (D) mostly expressed the dominance or relative concentration of the importance values for the first, or first few species. The Shannon-Wiener index (H') expressed the relative evenness or equitability of the importance values through the entire sequence [33, 34] .
All of these indices reflected the species diversity in different areas. For our study, the highest R, H, and D was in the AM, and the correlations between H, D, and H' were also significant ( Table 3) . When the evenness and the richness (abundance) were generally higher, the diversity index of the community would be higher; thus, the AM community had the highest diversity.
It has been widely reported that species diversity could affect ecosystem functionality [35] . Some research has suggested that changes in plant species diversity might affect several ecosystem processes, such as biomass production [36, 37] . Diversity losses in plant communities could limit plant recruitment and decrease biomass production in plants, which would impact ecosystem functions [38] . Furthermore, the positive impact of species diversity on biomass production has been explained by the complementarity of resource use between plant species, or their functional groups [39, 40] .
For our research, significant correlations were observed between biomass and species diversity indices H, D, and H' (Table 5) . Moreover, previous studies revealed that during changes in species diversity, biomass production, and ecosystem functioning, land use change was highlighted as one of the most immediate causes, with which our results agreed. Besides that, "inertness" always describes as the alpine grassland ecosystems because its ecosystem energy flow and material circulation rate are slower than other ecosystems [41] , leading to slow renewal rates of alpine grassland ecosystems under rapid transformation by human activities (grazing). Such as Kobresia as a dominant species in these alpine grassland types relies on asexual reproduction and its annual regeneration rate is very slow [42] . In these sites the low decomposition rate of organic matter results in a large amount of undecomposed organic matter accumulated on the surface [43] . Our study also confirmed the results that in AM the SOC concentration was higher than 30 g�kg -1 and the correlation between SOC and biodiversity is also significantly positive (Table 4 and Fig 3) . 
Soil property and biomass
Most arid alpine grasslands mainly distributed in high altitude regions have been degraded by grazing, and aridity stress [44] . The cold climate in these areas is responsible for soil temperature, soil moisture and soil properties which directly regulate plant growth [45] . Recently, as a result of increase of greenhouse gases emissions, global temperature has been rapidly increasing especially in Northern Tibetan Plateau, 0.2˚C per decade over the past half century [46] , combined with drought because of increased evapotranspiration and results in decreased biomass [47] . Our result is similar to the former results that the biomass value is decreased compared to the last decades. In our study, soil properties, including TN, TP, and SOC were different in the five grassland types, which were significantly positively correlated with the biomass (Tables 4 and 5). As is known, soil is a dynamic, living, natural body, and a key factor in the sustainability of terrestrial ecosystems. Its properties have a significant influence on the productivity of ecosystems [48] . However, variability in soil properties, a rule rather than an exception, necessitated sitespecific management for optimizing the efficient use of inputs [49] .
This variation influences soil functions, such as nutrient mobility and their redistribution and supply to plants, as well as shoots and roots growth [50] . Therefore, soil properties (e.g., soil organic carbon, nitrogen, phosphorus and pH) were critical factors that affected shoots and roots growth, which altered biomass production [51] that is always dependent on the complex interactions between spatially variable physical and chemical properties of soil.
Soil particle size fractions were one of the most important physical attributes of soil properties [52] . With the process of the sandy desertification in grassland, the clay fraction decreased. In our study, the clay fraction was extremely lower under drought sites (Fig 2) which was similar to the results of Su et al [53] that under extremely desertified condition the clay fraction was only around 1%. The silt fraction markedly decreased, while the medium and fine sand fractions increased significantly in the AD and ADS grasslands. This suggested that silt, and very fine sand were selectively removed, which caused progressive coarsening in the desertification process, and initiated changes in the growth of plants.
Moreover, the clay and silt were positively correlated with soil water content, TN, TP, and SOC, while the sand was observed to be negatively correlated. Several studies have reported higher biomass in smaller size fractions, such as clay or silt [54, 55] . Our research also identified this, where the silt had significantly positive correlation with BGB, TB, and R/S, while medium and coarse sands were significantly negatively correlated with them ( Table 5 ).
Conclusions
Alpine grasslands are fragile ecosystems, such as comprise the major types of pasturelands in the Northern Tibetan Plateau. Thus, their growth, geographical situation, conditions, relationships, and differences comprised the main scope of our research. For this study, the differences in the species diversity, biomass, and soil properties of five alpine grassland types in the Northern Tibetan Plateau were investigated in depth. As relates to its grassland types, we suggested that the AM or AS may be an active grassland types in this region. However, we propose that further research, with more seasonal and interannual investigations will be required to evaluate the results.
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